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Fasting serum triglyceride levels of untreated diabetics comparing with those of normal subjects were studied in relation to vascular lesions and obesity . They were significantly higher than those of normal subjects , and diabetics with symptomatic arteriosclerosis had significantly higher triglyceride levels not only than those without vascular lesions, but also than those with diabetic microangiopathy alone. The most marked increase of serum triglycerides and the highest prevalence of hypertriglyceridemia were observed in diabetics with clinically evident coronary sclerosis. Elevation of serum triglycerides significantly correlated with overweight was more remarkable in diabetics with vascular lesions than in those without ones.
It was concluded that a high prevalence of hypertriglyceridemia in diabetes was closely associated with obesity and clinically manifest arteriosclerosis, especially coronary sclerosis, and to a lesser extent with specific diabetic micro angiopathy.
A high incidence of vascular lesions in diabetes mellitus as related to hyper triglyceridemia has been recognized1-3 and its importance has become increasingly greater, since diabetic coma, the most frequent cause of death in diabetics previously, has been practically controlled after the advent of insulin therapy. In the present study, serum triglyceride levels were measured in a number of untreated diabetics to evaluate in detail its relationship to vascular lesions and obesity. In regard to vascular lesions, diabetic microangiopathy in the retina and kidney, defined as non-atheroselerotic specific diabetic lesions of capillaries, small arterioles and venules, was diagnosed by means of ophthalmoseopy and renal biopsy. The diagnosis of symptomatic arteriosclerosis such as cerebral and coronary sclerosis was made by ophthalmoscopic, electrocardiographic and other clinical examinations. 4 All subjects with and without vascular lesions were subdivided into twelve groups as follows;
MATERIALS AND METHODS
(1) Diabetics with no vascular lesions, with fasting blood sugar levels under 140mg% (33 cases).
(2) Diabetics with microangiopathy alone, with fasting blood sugar levels under 140 mg% (32 cases).
(3) Diabetics with microangiopathy and cerebral sclerosis, with fasting blood sugar levels under 140mg% (11 cases).
(4) Diabetics with microangiopathyy and coronary sclerosis, with fasting blood sugar levels under 140mg% (9 cases) .
(5) Diabetics with cerebral sclerosis alone, with fasting blood sugar levels under 140mg% (15 cases).
(6) Diabetics with coronary sclerosis alone, with fasting blood sugar levels under 140mg% (10 cases).
(7) Diabetics with no vascular lesions, with fasting blood sugar levels over 140 mg% (29 cases).
(8) Diabetics with microangiopathy alone, with fasting blood sugar levels over 140mg% (24 cases).
(9) Diabetics with microangiopathy and cerebral sclerosis, with fasting blood sugar levels over 140mg% (10 cases).
(10) Diabetics with microangiopathy and coronary sclerosis, with fasting blood sugar levels over 140mg% (8 cases) .
(11) Diabetics with cerebral sclerosis alone, with fasting blood sugar levels over 140mg% (19 cases) .
(12) Diabetics with coronary sclerosis alone, with fasting blood sugar levels over 140mg% (11 cases) .
In an attempt to study the relationship between obesity and serum triglycerides , relative body weight was measured, and then the percentage of obese diabetics heavier than +10% from the standard body weight was also determined .
Blood samples were obtained from all subjects in the fasting state and subsequently serum triglycerides were measured by a modification of Van Handel and Zilversmit's method.5
RESULTS

Serum triglyceride levels of untreated diabetics with and without vascular lesions
The results were summarized in Tables 1 to 4 . In diabetics with fasting blood sugar levels under 140mg% , as shown in T able 1, serum triglyceride levels were significantly higher than the mean level of normal subjects, irrespective of the presence or absence of vascular lesions .H ypertriglyceridemia was observed in 15% of 33 diabetics without vascular lesions (Group 1), 19% of 32 diabetics with nticroangiopathy alone (Group 2)
, 33% of 15 diabetics with cerebral sclerosis alone (Group 5) , and 36% of 11 diabetics with microangiopathy and cerebral sclerosis (Group 3) . Furthermore, of 9 diabetics with microangiopathy and coronary sclerosis (Group 4) , 89% showed hypertrigly ceridemia. Out of 10 diabetics with coronary sclerosis alone (Group 6) , 80% had h ypertriglyceridemia. Diabetics with fasting blood sugar levels over 140mg% with and without vascular lesions had significantly higher triglyceride levels than the normal subjects as shown in Table 3 . The percentage of hypertriglyceridemia was 52% of 29 diabetics without vascular lesions (Group 7), 67% of 24 diabetics with microangiopathy alone (Group 8), 90% of 10 diabetics with microangiopathy and cerebral sclerosis (Group 9), and 95% of 19 diabetics with cerebral sclerosis alone (Group 11). Furthermore, diabetics with coronary sclerosis alone (Group 12) as well as those with microangiopathy and coronary sclerosis (Group 10) had all hypertriglyceridemia. Table 1 through 4 show the relation of vascular lesions to serum triglyceride levels in the diabetics with fasting blood sugar levels over and under 140mg%. Diabetics with clinically evident arteriosclerosis (Groups 3-6; Groups 9-12) had significantly higher triglyceride levels as compared with those without vascular lesions (Groups 1 and 7) and also with those with microangiopathy alone (Groups 2 50 H . Kudo and 8). The most remarkable increases of the levels were observed in diabetics with coronary sclerosis (Groups 4, 6, 10 and 12). The mean triglyceride levels of diabetics with coronary sclerosis (Groups 4, 6, 10 and 12) were significantly higher than those of diabetics with cerebral sclerosis (Groups 3, 5, 9 and 11). There was no significant difference between the levels of diabetics with coronary sclerosis alone (Groups 6 and 12) and those with microangiopathy and coronary sclerosis (Groups 4 and 10). Diabetics with microangiopathy and cerebral sclerosis (Groups 3 and 9) had apparently higher triglyceride levels than those with cerebral sclerosis alone (Groups 5 and 11), but the difference was statistically not significant. The mean triglyceride levels of diabetics with microangiopathy alone (Groups 2 and 8) were rather higher than those of diabetics without vascular lesions (Groups 1 and 7), but there was no statistically significant difference in the means. As a whole, diabetics with fasting blood sugar levels over 140mg% had much higher triglyceride levels than those with the levels under 140mg%, and the former had a much higher percentage of hypertriglyceridemia than the latter.
Relationship between relative body weight and serum triglyceride levels in untreated diabetics
The results are shown in Fig. 1 . In diabetics with vascular lesions, a good positive correlation was found between the relative body weight and serum triglyceride levels (n=149, r=+0.89, 0.01<p<0.02). If x represents relative body weight in kg and y represents mg% of triglycerides, the following regression equation was obtained: y=4.87x+122.40.
Therefore, an overweight of 10kg corresponded to an increase of 49mg% of triglycerides.
In the diabetics without vascular lesions, there was also found a good positive correlation (n=62, r=+0.77, p<0.001) and the following regression equa tion was obtained: y=3.10x+85.40.
Therefore, an overweight of 10kg cor responded to an increase of 31mg% of triglycerides. Relationship between age at onset of diabetes and serum triglyceride levels
The results are summarized in Tables 5 and 6 . In diabetics without vascular lesions, as shown in Table 5 , the age of onset of diabetes did not influence serum triglyceride levels.
There was no significant difference in the mean triglyceride levels whether the ages of the onset were over or under 30 years, but the percentage of obesity was much higher in those whose disease was noted after 30 years of age.
In diabetics with vascular lesions, as shown in Table 6 , the mean triglyceride level was significantly higher in the group over 30 years of age at the disease onset, irrespective of fasting blood sugar levels, and the percentage of obesity was also much higher in these diabetics. Disturbance of lipid metabolism in diabetes mellitus is considered to be secondary to the defect in carbohydrate metabolism in this disease and to be correctable with antidiabetic treatment. Hyperlipemia in diabetes develops from an increase of plasma free fatty acids, hypertriglyceridemia, and, to a lesser extent, hypercholesterolelnia.
Of these lipemias, hypertriglyceridemia has arrested special attention in relation to diabetes and vascular lesions. In 1958, Wolff and Salt6 found high serum triglyceride levels in diabetic children with hypergly cemia. Subsequently, Adlersberg et al.3 stressed that diabetics were characterized by elevation of serum triglycerides which had a close relation to vascular lesions and hyperglycemia. New et al.1 also reported that elevation of serum triglycerides was found in diabetics with coronary sclerosis between the ages of 35 and 50, but not thereafter. Furthermore, Albrink et al.2 revealed that an increase of serum triglycerides was associated with aggravated atherosclerosis in large arteries, and 82% of 17 diabetics with. clinical atherosclerosis over the fifties had hypertrigly ceridemia.
In this study also, the author found that diabetics with or without vascular lesions had significantly higher triglyceride levels than normal subjects, and diabetics with vascular lesions had significantly higher triglyceride levels than those without vascular lesions, with the exception of diabetics with diabetic micro angiopathy alone, significantly higher triglyceride levels being not found in them. In the present study, a high degree of positive correlation between the relative body weight and serum triglyceride levels was obtained in untreated diabetics with or without vascular lesions.
The increase of serum triglycerides closely associated with an overweight was found to be more marked in diabetics, especially in those with vascular lesions, than in normal subjects. There is ample evidence that the mortality from diabetes increases with the degree of obesity, and weight loss prolongs life expectancy of diabetics2,22 These facts suggest that obesity and hypertriglyceridemia in diabetes may be the important factors that accelerate the development of arteriosclerosis.
Therefore, the control of body weight in diabetics, especially in those with vascular lesions, seems to be very important in preventing the development of hypertriglyceridemia.
The serum triglyceride levels were significantly higher in diabetics with vascular lesions whose ages were over 30 years at the onset of diabetes.
However, the age at the disease onset had no influence on serum triglyceride levels in diabetics without vascular lesions. These findings seem to be explained by a higher percentage of obesity and remarkably high serum triglyceride levels in those diabetics with vascular lesions who develop diabetes after 30 years of age. The serum triglyceride levels of 211 untreated diabetics in the fasting state were studied in relation to vascular lesions, obesity and age of onset of diabetes.
1) Diabetics had significantly higher triglyceride levels than the normal subjects, and those with vascular lesions had significantly higher triglyceride levels than those without vascular lesions, excepting the patients with diabetic micro angiopathy alone, no significantly higher triglyceride levels being found in them. The most marked increase of serum triglycerides was observed in diabetics with coronary sclerosis, who showed the highest prevalence of hypertriglyceridemia.
2) Diabetics with fasting blood sugar levels over 140mg% had much higher triglyceride levels than those with the levels under 140mg%, and the former had much higher percentage of hypeetriglyceridemia than the latter.
3) A high degree of positive correlation between relative body weight and serum triglycerides was observed. In the diabetics without vascular lesions an overweight of 10kg corresponded to an increase of 31mg% of triglycerides, whereas in those with vascular lesions the same overweight corresponded to an increase of 49mg% of triglycerides.
4) Diabetics with vascular lesions whose ages at the onset of diabetes were over 30 had significantly higher triglyceride levels and higher prevalence of obesity when compared with those who developed the disease at ages under 30. However, in diabetics without vascular lesions the age of disease onset had no influence on serum triglyceride levels.
